Prospective studies on the association of green tea with risk of coronary heart disease (CHD) incidence were scarce. This study examined whether green tea can reduce CHD incidence and have a beneficial effect on CHD-related risk markers in middle-aged and older Chinese population. We included 19 471 participants who were free of CHD, stroke or cancer at baseline from September 2008 to June 2010, and were followed until October 2013. Cox proportional hazard models were used to examine the hazard ratios (HR) of CHD incidence in relation to green tea consumption. Linear regression models were used to evaluate the effect of green tea on 5-year changes of CHD-related biomarkers. Compared with non-green tea consumers, the multivariable-adjusted HR for CHD was 0.89 (95% CI, 0.81-0.98) in green tea consumers. Particularly, the reduced risk of CHD incidence with green tea consumption was more evident among participants who were male, more than 60 years old, overweight, or with diabetes mellitus. In addition, green tea consumption improved multiple CHD-related risk markers including total cholesterol, HDL-cholesterol, triglycerides, mean platelet volume, and uric acid. In conclusion, green tea consumption was associated with a reduced risk of CHD incidence in the middle-aged and older Chinese populations, and the association might be partly due to altered CHD-related biomarkers.
the contrary, data on the association between green tea and CHD was limited and inconclusive. Several cohort studies have suggested an inverse association between green tea and CVD mortality [7] [8] [9] [10] . Although dose-response relationship between green tea and risk of CHD was reported in case-control and cross-sectional studies [11] [12] [13] , only two cohort studies have examined the impact of green tea consumption on risk of CHD incidence and no significant association was observed 11, 14 . On the other hand, favorable changes in CHD-related biomarkers, such as blood pressure, LDL cholesterol and glucose levels, were reported with green tea in randomized controlled trials [15] [16] [17] [18] , which suggested a possible protective effect of green tea against CHD. However, most existing studies have only focused on one aspect: either green tea versus CHD, or green tea versus biomarkers; seldom studies have so far examined both of them on a same population.
Because of the high consumption of green tea in China and relatively high rate of CHD incidence and mortality, exploring the health effects of green tea on CHD might provide clues to resolve an important public health issue. Therefore, we aimed to 1) verify the relationship between green tea and CHD incidence in the Dongfeng-Tongji cohort; 2) examine whether the association between green tea and CHD was modified by differences in population characteristics and disease status; and 3) evaluate the effect of green tea on changes of multiple CHD-related biomarkers.
Results
Baseline characteristics of study population. As shown in Table 1 , in 19 471 eligible participants, a total of 7021 were green tea consumers (36.06%). Men and participants with higher education level were more likely to consume green tea. The mean age of green tea consumers was higher than that of non-green tea consumers, and the age distribution was different. Higher rate of smoking and alcohol drinking, two of the most common and inveterate habits linked with poor health in China, were also observed in green tea consumers. Meanwhile, green tea consumers more often tended to be physically inactive, with higher BMI and uric acid level, and with hyperlipidemia. However, they exhibited lower levels of total cholesterol and LDL-C.
Green tea consumption reduced incident CHD risk. Table 2 presents the 5-year cumulative CHD incidence rate of green tea consumers compared to non-green tea consumers, along with adjusted HR of incident CHD. Overall, green tea consumers had a reduced CHD incidence of 9.80% compared to 11.06% for non-green tea consumers (P = 0.006). In crude models, green tea consumption was associated with lower risk of CHD incidence (HR = 0.88, 95% CI = 0.80-0.96). After adjustment for age, sex, BMI, education, smoking status, alcohol Table 1 . Baseline characteristics of study population according to green tea consumption. Continuous variables were presented as mean ± SD; Dichotomous variables were presented as n (percentages). 1 Chi-square test for categorical variables and t-test for continuous variables.
2 Some CHD-related biomarkers have missing values; the total number for each biomarker was presented in Table 3 .
Scientific RepoRts | 6:24353 | DOI: 10.1038/srep24353 drinking status, physical activity, hypertension status, hyperlipidemia status, diabetes status and family history of CHD at baseline, these associations became more obvious (HR = 0.85, 95% CI = 0.77-0.94). Additional adjustment for four other common beverages including coffee, black tea, juice and cola, the effect was slightly attenuated, but still remained statistically significant and corresponded to an 11% reduced risk of CHD incidence (HR = 0.89, 95% CI = 0.81-0.98).
We subsequently conducted stratified analyses by major characteristics of the study population. Substantial reduction of CHD incidence with green tea consumption was only seen in participants who were male, older than 60 years, overweight (BMI ≥ 25) or with diabetes mellitus. No significant interactions between green tea consumption and these characteristics on risk of CHD were observed.
Green tea consumption improved CHD-related biomarkers. As shown in Table 3 , the mean levels of total cholesterol, LDL-C, and MPV were significantly decreased, while HDL-C and uric acid were significantly elevated at 5-year follow-up compared to baseline in both green tea consumers and non-green tea consumers (all P < 0.001). On the contrary, significantly increased levels of triglycerides (P < 0.001) and fast glucose (P = 0.028) were only observed in non-green tea consumers. Moreover, after adjustment for age, sex, BMI, education, smoking status, alcohol drinking status, physical activity and the baseline level of each biomarker, green tea consumers had greater reductions in total cholesterol and MPV, greater increase in HDL-C, and smaller increase in triglycerides and uric acid than did non-green tea consumers over time (all P < 0.05). Overall, each tested biomarker improved more or worsened less over 5 years for green tea consumers.
Discussion
The present study demonstrated that green tea consumption was independently related to an 11% reduction of CHD incidence, notwithstanding green tea consumers appear to have an unfavorable risk profile. Our findings add a considerable body of knowledge to previous studies. Some prior case-control or cross-sectional studies conducted in Japan generated inconsistent results regarding green tea and angiographically proven CHD. Several of those studies showed a protective relationship between green tea intake and CHD or coronary atherosclerosis 11, 13 , whereas Hirano et al. did not find any inverse association of green tea intake with CHD 19 . Evidence in Chinese population was also limited. In a case-control study, Wang et al. found that green tea intake was associated with a reduced risk of CHD among Chinese male patients, but not in female patients 12 . More recently, Pang et al. also reported a dose-response relationship between green tea consumption and the risk of CHD in male patients 20 . Although insightful, those studies were case-control or cross-sectional, and may yield recall or reverse causality biases. Our prospective study is the first to agree with the majority of previous case-control or cross-sectional studies on the positive relationship between green tea and risk of CHD. Until now, no prospective study had shown evidence that green tea consumption is preventive of CHD incidence, as they generally indicated beneficial effects on CVD mortality only [7] [8] [9] [10] . However, participants who consumed green tea in these cohort studies [7] [8] [9] [10] more often tended to have unfavorable risk profiles such as being older, current smoker, current alcohol drinker, having a history of hypertension or diabetes, or less likely to walk, which was consistent with the characteristics of our green tea consumers.
Several reasons could explain the disparity between our findings and those from previous prospective studies. Sano et al. found that green tea intake was not a predictor of CHD events after 4.9 ± 0.1 years follow-up, partly because of the small number of CHD events (n = 38) 11 . In another large prospective study conducted in a Japanese population, inverse associations of green tea consumption were only observed with the incidences of CVD and strokes, but not with CHD 14 . In the study from Japan, the mean age of participants was about 53 years Table 2 . Association of green tea consumption with CHD incidence. 1 Adjusted for age, sex, BMI, education, smoking status, alcohol drinking status, physical activity, hypertension, hyperlipidemia, diabetes, family history of CHD at baseline, except for the stratified variable itself. 2 Additionally adjusted for consumption of other beverages including black tea, coffee, cola and juice.
at baseline and the average follow-up duration was 13 years; while in our study, the participants had a mean age of 62.8 years at baseline and they were only followed for about 5 years. Meanwhile, in that study, only MI and cardiac death was defined as outcomes. A total of 910 CHD events in 82 369 subjects (1.10%) were documented during a 13-year follow-up. In contrast, our study included SA, UA, MI, unspecified CHD and cardiac death as endpoints, and a total of 2065 cases were documented from 19 471 subjects (10.61%). Therefore, the low incidence rate and insufficient statistical power might be a possible reason for not detecting a significant effect of green tea on CHD incidence in that study. In addition, the disparate results might also be due to inherent differences in population characteristics such as age distribution, different definitions of end points, the processing of the tea, and sample size.
Interestingly, the above-mentioned association between green tea consumption and reduced risk of CHD incidence appeared to be more pronounced in individuals who were male, more than 60 years old, overweight or with diabetes, but no interaction noted. Consistent with the observations of our subgroups, results in all subgroups defined by traditional CVD risk factors from a former study also showed no interactions between green tea consumption and CVD risk factors on CVD mortality 10 . We cannot explain the underlying mechanism for this observation, but similar results in males were reported from several previous studies 12, 13 . It is believed that estrogen may reduce the risk of CHD, while Wu et al. suggested that green tea consumption could decrease circulating estrogen levels 21 . So, we speculate that in female participants the protective association with green tea would be masked by this uncontrolled confounding variable. As green tea has been reported to generate weight loss, anti-aging, anti-diabetic 22 and anti-androgen 23 effects, individuals who were more than 60 years old, overweight or suffering from diabetes tended to consume more green tea to counteract these problems, thus, a stronger protective effect of green tea against CHD was observed in these high-risk populations. However, we could not directly compare our results with previous studies because no similar findings were reported.
Although the biological mechanisms underlying the protective effects of green tea on CHD remain unclear, most of randomized controlled trials have demonstrated beneficial effects of green tea on CVD risk profiles 17, 24 . We therefore simultaneously explored the changes of CHD-related biomarkers at 5-year follow-up compared to baseline. We observed that green tea consumers had a greater reduction in total cholesterol, smaller increase in triglycerides, and a greater increase in HDL-C, which was in accordance with previous human and animal studies 25 . Similarly, green tea consumers also exhibited greater decrease in MPV, an indicator of platelet activation. A high MPV value represents an increase in platelet aggregation, thromboxane synthesis, and adhesion molecules expression 26, 27 . An elevated MPV has also been associated with an increased risk of CHD 28, 29 . Our results supported previous evidence that green tea had anti-platelet and anti-thrombotic activity 30, 31 . In addition, despite higher baseline levels of uric acid, another risk marker of incident CHD 32 , we also found a smaller increase of uric acid in green tea consumers, in agreement with clinical trials 33, 34 . In general, the above favorable changes in CHD-related biomarkers could be partially responsible for the protective effect of green tea on CHD incidence, whereas other mechanisms including radical scavenging, antioxidant bioactivity, and improvement of endothelial function still need further investigation.
There are several limitations in the present study. First, green tea consumption was based on self-reporting by the participants and only documented as green tea consumers or non-green tea consumers. The amount, frequency, duration, concentration of green tea consumption and other details were not included in the questionnaire. Thus we cannot perform a dose-response analysis to quantitatively elucidate the relationship between tea consumption and incident CHD or changes in CHD-related biomarkers. Second, we considered tea consumption as a lifelong habit, and did not perform a second check to determine status of consumption. Third, the study was carried out in middle-aged and older Chinese who were free of CVD and cancer; therefore our results may not be generalized to populations of all ages, different health conditions, or other ethnicities. Fourth, we did not adjust for multiple testing because the repeated measurements of biomarkers at baseline and follow up were highly Table 3 . Five years' change in CHD-related biomarkers related to green tea consumption. Variables were presented as mean ± SD.
1 Paired t-test was used to determine the change of the biomarkers over the five-year follow-up.
2 Some CHD-related biomarkers have missing values. 3 Generalized linear model was used to compare the difference in changes of CHD-related biomarkers over five years between green tea consumers and nongreen tea consumers with adjustment for age, sex, BMI, education, smoking status, alcohol drinking status, physical activity and the baseline level of each biomarker.
Scientific RepoRts | 6:24353 | DOI: 10.1038/srep24353 correlated in our study. Over adjustment for multiple comparisons may increase the type II error, which reduces the power to detect significant differences. Finally, although a wide range of potential confounding factors were included in our analysis, we could not rule out the possibility of residual and unmeasured confounders.
This study showed that green tea consumption was associated with a reduced risk of CHD incidence, especially among individuals who were male, more than 60 years old, overweight, or suffering from diabetes. Substantial improvement in the changes of lipid profiles, MPV and uric acid might partly explain the potential beneficial effect of green tea on CHD incidence. Our results provided interesting and important evidence that are relevant to the field of CHD prevention. However, these findings need to be verified in future intervention studies with large sample sizes.
Methods
Study population. Data was collected from the Dongfeng-Tongji cohort, and the details of the cohort were described in a previous report 35 . Briefly, a total of 27 009 retired employees of the Dongfeng Motor Corporation (DMC) completed baseline questionnaire, medical examinations and provided fasting blood samples between September 2008 and June 2010. Five years later, the participants were invited to the follow-up survey via telephone. In total, 25978 individuals (96.2% of those at baseline) completed the follow-up until October 2013. At the follow-up investigation, participants repeated the questionnaire interview, physical examinations, and blood collection as those during the baseline survey. Of these 25978 individuals, we excluded participants with cancer, CHD or stroke at baseline (n = 5865), who had missing data on beverage consumption or other covariates (n = 642). Thus, 19 471 participants with a mean age of 62.8 ± 7.7 years were eligible, of which 8585 were males (65.8 ± 6.7 years) and 10 886 were females (60.5 ± 7.7 years). Among them, 2065 new onset CHD cases were documented. Informed consent was obtained from every participant. The protocol was approved by the Ethics Committee of Dongfeng General Hospital, DMC and the Medical Ethics Committee of the School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, and the study was subsequently carried out in accordance with the approved guidelines.
Baseline assessment. Trained interviewers used a structured questionnaire to collect baseline information including socio-demographic characteristics (age, sex, education, and marital status), lifestyle habits such as smoking status (current, former, never), alcohol drinking status (current, former, never), physical activity, occupational history, environmental exposures, and family and medical histories in face-to-face interviews. Beverage consumption was assessed by asking: "Did you usually consume beverages including plain water, black tea, green tea, coffee, cola and juice during the last year?" and participants were asked to select one or two most often consumed beverages. Green tea consumers were defined as participant who selected green tea as one of the most often consumed beverages. Participants who were smoking at least one cigarette per day for more than half a year were defined as current smokers. Those who were drinking alcohol at least one time per week for more than half a year were regarded as current alcohol drinkers 36 . Physical activity was considered as those who regularly exercised more than 20 min per day for more than 6 months 37, 38 . Physical examination was performed on all participants at DMC-owned hospitals by trained physicians, nurses and technicians. Standing height, body weight and waist circumference were measured in individuals with light indoor clothing and without shoes. Clinical examinations in the liver, gall bladder, spleen, kidney, prostate (for males) and uterus, ovaries and fallopian tubes (for females) were conducted 35 . Body mass index (BMI) was calculated as weight (kilogram) divided by height (meter) squared. Hypertension was defined as individuals with self-reported physician diagnosis of hypertension, or blood pressure ≥ 140/90 mmHg, or current use of antihypertensive medication 39 . Diabetes was defined as self-reported physician diagnosis of diabetes, fasting glucose ≥ 7.0 mmol/L, or taking oral hypoglycemic medication or insulin 40 . Hyperlipidemia was defined as total cholesterol > 5.72 mmol/L or triglycerides > 1.70 mmol/L at medical examination, or a previous physician diagnosis of hyperlipidemia, or taking lipid lowering medication 41 . Blood samples were collected after an overnight fast. Total cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), mean platelet volume (MPV), fasting glucose and uric acid were determined at the DMC-owned hospital's laboratory.
Outcome ascertainment. The outcome of the present study was CHD incidence, including stable angina (SA), unstable angina (UA), non-fatal myocardial infarction (non-fatal MI), unspecified CHD and CHD death, between the baseline survey and October 2013. All retired employees were covered by DMC's health-care service system and each participant had a unique medical insurance card number and ID, which made it easy to track disease incidence and mortality. CHD was identified through this medical insurance system and medical record reviews in the DMC-owned hospitals. The diagnosis of CHD was made based on well-accepted international standards by cardiologists in the DMC-owned hospitals. SA was defined as angina with no change in frequency, duration, or intensity of symptoms in 6 weeks. UA was defined as angina at rest, accelerated angina or new onset of severe angina. Non-fatal MI was diagnosed based on typical symptoms, ECG change, and cardiac enzyme values 42 . CHD death was determined by the recorded underlying cause of death on death certificates according to ICD-9: 410-414 43 or ICD-10: I20-I25 44 .
Statistical analysis. Baseline characteristics are presented as percentages for categorical variables and mean ± SD for continuous variables. Categorical data were analyzed with chi-square tests. Continuous variables were analyzed with t-tests. We used Cox's proportional hazards regression model to evaluate the relation between green tea consumption and CHD incidence without any adjustment and adjusting for covariates including age, sex, BMI, education, smoking status, alcohol drinking status, physical activity, hypertension, hyperlipidemia, diabetes and family history of CHD. To examine whether the effect of green tea on CHD incidence was dependent on consumption of other beverages, we further adjusted for black tea, coffee, cola and juice. Stratified analyses by baseline characteristics were conducted with the same confounding variables being adjusted except for the stratified variable itself. Moreover, to analyze potential interactions between green tea and main characteristics, an interaction product term was included in the model. Difference of CHD-related biomarkers between baseline and follow-up was assessed with paired t-tests. The effects of green tea on 5-year changes of CHD-related biomarkers were analyzed by using general linear model. The covariates described in the Cox model and baseline values of the respective biomarkers were adjusted and additional adjustment for lipid-lowering medications and glucose-lowering medications were conducted in the analysis of the lipid profile and fast blood glucose changes respectively. All statistical analyses were performed using SAS 9.3 (SAS institute Inc., Cary, NC). Differences were considered significant if the two-tailed p value was less than 0.05.
